Abstract. Aiming at the complexity and randomness of the precipitation sequence in Beijing, a Markov chain prediction model was established. Based on the precipitation in Beijing from 1951 to 2013, the precipitation in 2014 and 2015 was predicted. The results show that: (1) The sequence of precipitation in Beijing from 1951 to 2013 satisfies the Markov property when the significance level a=0.1; (2) It is predicted that the precipitation states in Beijing in 2014 and 2015 are weak dry, with the precipitation of 537.9mm and 525.5mm, respectively. The relative errors with actual precipitation are 16.55% and 14.59%, respectively. It can be seen that it is reasonable to use the weighted Markov chain model to predict the precipitation in Beijing.
Introduction
Precipitation is an important supply route for water resources in river basins or regions, and it is crucial for human life, social production, economic activities, and ecological stability in the region. Due to the complexity, diversity and unpredictability of the "natural-manual" binary water circulation system, the precipitation as an important component of the system is also uncertain [1] . At the same time, in order to meet the needs of the development of relevant policies in agriculture, water conservancy and other departments, precipitation forecast has gradually become a research hotspot. Currently used precipitation prediction methods include artificial neural network [2] , time series prediction [3] , Markov chain [4] , etc.
Beijing is located in the central part of the North China Plain. The mountainous areas and plains in the city account for 62% and 38% respectively. It belongs to the semi-humid continental monsoon climate zone in the north temperate zone with four distinct seasons and sufficient sunshine. The annual variation of precipitation in Beijing is relatively large. The maximum annual precipitation is 1404.6mm in 1959, the smallest is 261.4mm in 1965, and the extreme ratio is 5.37. The precipitation in Beijing is unevenly distributed during the year, and the precipitation is mostly concentrated in the summer. According to statistics, the average precipitation in the flood season in 2013-2017 is as high as 81.6%. In this paper, the weighted Markov chain method is used to predict the precipitation in Beijing, in order to provide a theoretical basis for Beijing water resources planning and flood control and drought relief.
Methodology

Markov Chain Prediction Model Principle
The Markov process is a stochastic process, which is a theory to study the state of objects and the law of state transition with time or space. It gives the purpose of predicting the future state of the object by giving different initial state transition probabilities [5] . The Markov chain is a Markov process in which both time and state are discrete. It was first proposed by the Russian scientist Markov in 1906. It is defined as [6] : if time series {X(t), t=0, 1, 2 , ⋯} at any time n, its state space I = {0, 1, 2, ⋯} in any state 0 , 1 , ⋯ , −1 , , satisfies equation (1), then {X(t), t=0, 1, 2, ⋯} is a Markov chain.
It can be seen from equation (1) that the future state in a time series is only related to the current state and has nothing to do with the state of the process, that is, it has no aftereffect, which is the basic feature of the Markov chain [7] .
Prediction Steps for Weighted Markov Chains
(1) Calculate the mean and standard deviation of historical data, and obtain the five precipitation states of dry year, weak dry year, normal year, weak wet year and wet year according to the mean-standard difference level principle [6] .
(2) Determine the state of precipitation in each period. (3) Calculate the autocorrelation coefficients of each order, the formula is:
Where is the autocorrelation coefficient of the kth order; is the precipitation of the ith period; ̅ is the average of the precipitation sequence.
Normalize the autocorrelation coefficients of each order, the formula is:
Where is the normalized correlation coefficient, which is also the weight of each lag in subsequent predictions; m is the maximum value of the step size.
(4) Calculate the transition probability matrix. The precipitation state in step (2) is statistically obtained, and a one-step transition probability matrix with different lag time is obtained, which is recorded as:
In the formula, ( ) is the probability that the precipitation is shifted from the state i to the state j when the lag time is k. (5) Perform a Markov test on the collected precipitation sequence data. (6) Calculate the future state of the object. Taking the precipitation of the previous m periods as the initial state, multiplying the corresponding transition probabilities = { 1 , 2 , 3 , 4 , 5 } by the weights to obtain the weighted transition probability = { 1 , 2 , 3 , 4 , 5 }, where the most probable is the Markov prediction state of the object [8] .
(7) Calculate the future precipitation of the object. Each state is given a corresponding weight, the weight set = { 1 , 2 , 3 , 4 , 5 } , where
. The value of n is usually the state corresponding to the maximum probability of the weighted transition probability P. The predicted value of annual precipitation X is [9] :
In the formula, H is level eigenvalues, = ∑ =1 • ; , are the upper limit value and the lower limit value of the i state, respectively.
Determination of Annual Precipitation Grading Standards and States in Beijing
The precipitation data from 1951 to 2015 in Beijing used in this paper are from China Meteorological Data Network Statistics and Beijing Statistical Yearbook (2015-2016), and predict the 2014 precipitation value from 1951-2013 as historical data, and predicts the 2015 precipitation value from 1951-2014 as historical data. According to the mean-standard deviation grouping method, the precipitation data from 1951 to 2013 is divided into five states, as shown in Table 1 . According to this, the precipitation sequence and its state in Beijing from 1951 to 2013 can be obtained, as shown in Table 2 (where ̅ = 586.27 mm, s = 203.18 mm). 
Application of Weighted Markov Chain Prediction Model in Beijing Markov Chain Model Verification
(1) According to the formula (2) and (3), the annual precipitation data of Beijing from 1951 to 2013 can be obtained, and the autocorrelation coefficients and corresponding weights of each order can be obtained, as shown in Table 3 . (2) According to the formula (4), a state transition probability matrix with a lag time of 1 to 5 steps is obtained. (3) Markov test. According to the calculation result in (2), the one-step transfer frequency matrix with the annual precipitation lag time of 1 and the corresponding transition probability matrix P(1) are substituted into the Markov test formula [10] , and the statistic  2 is obtained. As shown in Table 4 . When the significance level a=0.1 is given, the square distribution table can be found to be  2 (16) =23.542, and  2 =43.362>23.542, which indicates that the precipitation in Beijing is reasonable by Markov chain prediction. 
Precipitation Forecast in Beijing
Taking the precipitation states of Beijing in 2009-2013 as the initial state, the corresponding state transition matrix is established, and then multiplied by the normalized autocorrelation coefficients of each order to obtain the predicted precipitation states of Beijing in 2014. The results are shown in Table 5 . It can be seen from Table 5 that the weighted transition probabilities of the predicted precipitation states in Beijing in the state space in 2014 are 0.0799, 0.3351, 0.1571, 0.3286, and 0.0993, respectively. That is, when the state is 2, the transition probability is the largest, which can that the precipitation state of Beijing in 2014 is weak dry, and the precipitation is 362.77 ~ 515.15mm. In the same way, the sequence of precipitation in Beijing from 1951 to 2014 is taken as historical data, and the above-mentioned Markov prediction steps are repeated to obtain the state of precipitation prediction in 2015. The forecast results show that the state of precipitation in Beijing in 2015 shifted to the weak dry with a maximum probability of 0.4257.
According to the formula (5), the predicted precipitation values of Beijing in 2014 and 2015 are calculated. The predicted precipitation in 2014 is 537.9mm, the actual precipitation is 461.5mm, the prediction error is 16.55%; and the predicted precipitation in 2015 is 525.5mm, the actual precipitation is 458.6mm, the prediction error is 14.59%. In the two predictions of Markov chain prediction model in 2014 and 2015, the relative error between the predicted value and the actual value is less than 20%, and the model prediction accuracy is high.
Summary
(1) Through the statistical  2 test, the precipitation sequence in Beijing from 1951 to 2013 satisfies the Markov property at the significance level a=0.1. It is reasonable to use the Markov chain model to predict the precipitation in Beijing.
(2) Under the premise of verifying the reliability of the model with a large amount of historical data, predict the precipitation states of Beijing in 2014 and 2015. According to the mean-standard difference level standard, both 2014 and 2015 are weak dry.
(3) According to the level eigenvalues in the fuzzy set theory, the precipitation in Beijing in 2014 and 2015 is 537.9mm and 525.5mm, respectively, and the relative error with actual precipitation is 16.55% and 14.59%, respectively. The prediction accuracy is high.
